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Why?

...am | giving this talk?

The reason you're seeing the same handful of theoristsgyivin
this sort of talk, is that there only this handful of theorists
working on neutrinos.

This will be a long-term obstacle for the growth of the field in
terms of justifying the large experimental effort.

In recognition of this problem, we have formed an ad-hoc
working group selected from the current neutrino conveners
Andre de Gouea, Patrick Huber, Boris Kayser, Jon Link, Cecilia
Lunardini, Jorge Morfin.

This of course not the reason why this talk is titled “Why?” . .
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Why ...

are we doing this?

* because we can — experimental considerations
all the other talks in this working group

* pbecause we want — theory motiviaties this talk
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Neutrinos are massive — so what?

Neutrinos in the Standard Model (SM) are strictly
massless, therefore the discovery of neutrino
oscillation, which implies non-zero neutrino masses
requires the addition of new degrees of freedom.
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We always knew they are ...

The SM is an effective field theoryge. at some high
scaleA new degrees of freedom will appear

1 1
ESM—I—K£5-|—E

The first operators sensitive to new physics have
dimension 5. It turns out there is only one dimension

Lo+ ...

S operator
| |
L5 = 5 (LH)(LH) — < (L(H))(L(H)) = m,vv

Thus studying neutrino masses Is, in principle, the
most sensitive probe for new physics at high scales
Weinberg
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Effective theories

The problem in effective theories is, that there are
priori unknown pre-factors for each operator

# #
'C'SM‘|_K£5—|—F£6—|—...
Typically, one hagt = O(1), but there may be

reasons for this being wrong

 lepton number may be conservegno Majorana
mass term

* |lepton number may be approximately conserved
— small pre-factor for’;

Therefore, we do not know the scale of new physics
responsible for neutrino masses.
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013 IS large!

The Daya Bay result is

sin? 2013 = 0.089:£0.010(stat)=%0.005(syst) ,

which translates into a mo-
re than 5 exclusion of
013 = 0, confirmed by RE-
NO.

NB — a year ago we had on-
ly 2 o Indications.
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Implications

In general, this raises the following questions
* Is neutrino physics essentially done?

« Will the mass hierarchy have been determined
before the next generation of long-baseline
experiments?

* Are new experiments beyond N@ and T2K
necessary to discover CP violation?

« Are superbeams sufficient for precision neutrino
physics?

Any of this questions is both a challenge and
opportunity!
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Model selection

... a large fraction has been excluded!
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of the existing models ... !

Antusch, 2012
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Flavor models
Simplest un-model — anarchwurayama, Naba, DeGouvea

dU = dsi, dcis dsss docp dxi dxs
predicts flat distribution IRdqp

Simplest model — Tri-bimaximal mixingarrison,
Perkins, Scott
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to still fit data, obviously corrections are needed —
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Sum rules

01,=35°+6,3C0S0 current best fit values and errors

01,=32°+6,3C0S6 for 015, 613 and 0,3 taken from
Fogli et al. 2012

Br3=45°—1/~/ 2 013C0SS

/1/2 current errors

current errors

fﬁi\i@ "

100
predicted value of 6cp [©]

3 o resolution of 18 distance requires°zerror. NB — smaller error on
612 requires dedicated experiment like Daya Bay Il
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What we want to learn
In the context of neutrino oscillation experiments

OCP
mass hierarchy
Oy = 7T/4, Oy3 < 7T/4 or O3 > 7T/47

Resolution of LSND and the other short-baseline
anomalies

New physics vs tests of the three flavor
framework

Given the current state of the theory of neutrinos we
can not say with confidence that any one quantity is
more fundamental than any other.
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In the following, | will show some examples of recent

phenomenological results to highlight the impact
these studies have on our field — these diverse results

are produced by a small group of people, many of
which are not in the U.S.
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Non-standard interactions

NSI are the workhorse of beyond the Standard Model
physics in the neutrino sector. Phenomenologically
the can be parametrized by terms like this

LNs1 = —QﬂGfﬁﬁg(ﬁaWpVﬁ)(f%Pf) ;

where f can be any fermion ang is the projection
onto right and left-handed componenitsifenstein,
1978

At higher energy, this contact term has to be replaced
with a propagating exchange particle.
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Simple example

Assume a flavor changing interaction with quarks of

the typer, + ¢ — v, + ¢, this adds the following term
to the Hamiltonian

1 0 |€er|e
Hyst = V2G . E 0 0 0
€|t 0 0

Typically,
effect.

¢| < 1 and thus this is a sub-dominant
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Impact on three flavors

NOvA, |e..|=0.4, 6,=0

Three flavor analysis are
not safe from these ef-
fects!

Especially, global fits for
the phase and mass hier-
archy need to be aware
of NSI.

Friedland, 2012
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New Ideas for mass hierarchy

Literature survey
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Early “hints” for CP?

LBL + Solar + KamLAND + SBL Reactors + SK Atm

4 ¢ - "

1
1
1
1
1
]
]
]

]

-

Fogli, et al., 2012
NB — 1 0 range foro = 30 — 35°
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Early hints for CP?

PH, et al., 2009

At lower confidence levels some indications maybe
obtained — impact in future program?
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How much will we gain?

Assuming that the combination of T2K+N@® has
seen (or not) a hint for CP violation, what Is the
probability that a given facility can observe a high
significance signal for CP violation?

CPV
2020: 90%, S0 CL
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—— NF10
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Blennow, Coloma, Donini, Fernandez-Martnez, 2013
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Summary

« Neutrino oscillation is solid evidence for new
physics

* Precision measurements help to exclude a vast
number of models

* Precision measurements have the best potential t
uncover even “newer” physics

In combination this warrants a rich experimental
program.

To be successful, this will require adequate theory
support — if only, so that you don’t have to listen so

often to my talks.

P. Huber — VT-CNP —p. 21



	Why?
	Why ldots 
	hspace *{-1cm}Neutrinos are massive -- so what?
	hspace *{-1cm}We always knew they are ldots 
	Effective theories
	$	heta _{13}$ is large!
	Implications
	Model selection
	Flavor models
	Sum rules
	What we want to learn
	Non-standard interactions
	Simple example
	Impact on three flavors
	New ideas for mass hierarchy
	Early ``hints'' for CP?
	Early hints for CP?
	How much will we gain?
	Summary

